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Preface 

Ontological Engineering refers to the set of activities that concern the ontology 
development process, the ontology life cycle, the methods and methodologies for 
building ontologies, and the tool suites and languages that support them. 

During the last decade, increasing attention has been focused on ontologies and 
Ontological Engineering. Ontologies are now widely used in Knowledge 
Engineering, Artificial Intelligence and Computer Science; in applications related to 
knowledge management, natural language processing, e-commerce, intelligent 
integration information, information retrieval, integration of databases, bio- 
informatics, and education; and in new emerging fields like the Semantic Web. 

Primary goals of this book are to acquaint students, researchers and developers 
of information systems with the basic concepts and major issues of Ontological 
Engineering, as well as to make ontologies more understandable to those computer 
science engineers that integrate ontologies into their information systems. We have 
paid special attention to the influence that ontologies have on the Semantic Web. 
Pointers to the Semantic Web appear in all the chapters, but specially in the chapter 
on ontology languages and tools. 

Many different methods, tools and languages, as well as the most outstanding 
ontologies, are presented to illustrate a diversity of approaches, but no single 
technique receives special attention. Each individual may choose to emphasize 
particular techniques depending on his/her own circumstances and interests. So, the 
book is designed to operate at two levels. First, as a simple introduction to the major 
areas of Ontological Engineering, and second, as a reference book. The emerging 
areas and the most up-to-date standards have also been considered. 

The layout of the text is divided into five chapters: theoretical foundations, the 
most outstanding ontologies, methodologies, languages, and tools for developing 
ontologies. In every chapter (except the chapter that describes the most outstanding 
ontologies) we have used examples taken from the traveling domain. This provides a 
focal point for the book and allows readers to practise and compare different 
modeling techniques, different and similar methods and methodologies for building 
ontologies, and learn about ontology languages and different types of tools. We also 
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include comparative studies of methodologies, tools and languages to advise 
ontologists on their use. 

The first chapter contains the theoretical foundations of the ontology field. 
Here we explain what an ontology is, the main types of ontologies, the main 
modeling components of ontologies based on frames or description logic, the design 
criteria for building ontologies as well as the relationships with other modeling 
techniques that are widely used on software engineering and databases. 

Chapter 2 is devoted to the most outstanding ontologies. We present different 
types of ontologies: knowledge representation ontologies of traditional (i.e., 
Ontolingua and OKBC) and ontology mark-up languages (i.e., RDF(S), OIL, 
DAML+OIL, and OWL), top level ontologies, linguistic ontologies, and domain 
ontologies in the areas of e-commerce, medicine, engineering, enterprise, chemistry 
and knowledge management. 

In Chapter 3 we explore different methods and methodologies for ontology 
construction. We present in detail the ontology development process and the 
methods and methodologies that support the ontology construction from scratch. We 
also discuss particular methods that allow specific activities. Special attention is 
given to the ontology learning methods that reduce the effort during the knowledge 
acquisition process; the merging of ontologies that generates a unique ontology from 
several ontologies; the ontology alignment that establishes different types of 
mapping between ontologies (hence preserving the original ones); and the ontology 
evaluation for evaluating the ontology content. For each methodology and method, 
we give an example taken from the traveling domain. 

Chapter 4 deals with the process of selecting the ontology language (or set of 
languages) in which the ontology will be implemented. We describe how to 
implement ontologies in classical languages (Ontolingua, KIF, OCML and FLogic), 
the OKBC protocol, and web-based ontology languages (SHOE, XOL, RDF(S), 
OIL, DAML+OIL and OWL) that have laid the foundations of the Semantic Web. 
Some of them, like RDF(S) and OWL, are still in a development phase. As we have 
implemented an ontology of the traveling domain in all these languages, we 
compare their expressiveness and the reasoning mechanisms of each language. 

Finally, Chapter 5 is concerned with several types of the tools and platforms 
used to build ontologies and tools that allow the use of ontologies for the Semantic 
Web. As in the previous chapters, we provide examples of ontologies with the tools 
of the traveling domain. 

We hope that in the near future we will be able to support this text with a web 
site and give updates and slides for undergraduate and PhD courses. 

For further information or comments contact OE@delicias.dia.fi.upm.es. 

Asuncion Gomez-Perez 
Mariano Femandez-Lopez 
Oscar Corcho 

Facultad de lnformatica, UPM 
May 2003 
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Chapter 1 

Theoretical Foundations of Ontologies 

Ontologies are widely used in Knowledge Engineering, Artificial Intelligence and 
Computer Science, in applications related to knowledge management, natural 
language processing, e-commerce, intelligent integration information, information 
retrieval, database design and integration, bio-informatics, education, and in new 
emerging fields like the Semantic Web. 

In 1991, the DARPA Knowledge Sharing Effort (Neches et al., 1991, page 37) 
envisioned a new way to build intelligent systems. They proposed the following: 
Building knowledge-based systems today usually entails constructing 
new knowledge bases from scratch. It could be instead done by 
assembling reusable components. System developers would then only 
need to wony about creating the specialized knowledge and reasoners 
new to the specific task of their system. This new system would 
interoperate with existing systems, using them to perform some of its 
reasoning. In this way, declarative knowledge, problem-solving 
techniques and reasoning services would all be shared among systems. 

This approach would facilitate building bigger and better systems and 
cheaply... 

Declarative knowledge is modeled by means of ontologies while problem 
solving methods specify generic reasoning mechanisms. Both types of components 
can be viewed as complementary entities that can be used to configure new 
knowledge-based systems from existing reusable components. Nicola Guarino 
(1998) pointed out the main benefits of using ontologies at design time since 
It enables the developer to practice a ‘higher’ level of reuse than is 
usually the case in software engineering (i.e. knowledge reuse instead 
of software reuse). Moreover, it enables the developer to reuse and 
share application domain knowledge using a common vocabulary 
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across heterogeneous software platforms. It also enables the developer 
to concentrate on the structure on the domain and the task at hand and 
protects him from being bothered too much by implementation details. 

At the time of the presentation of DARPAs idea, several projects were being 
carried out on methodologies to develop knowledge-based systems. Although these 
projects did not all deal directly with ontologies, they laid the foundation of these 
notions in the Knowledge Engineering community. These projects included Task 
Structures (Chandrasekaran et al., 1992), Role-Limiting Methods (McDermott, 
1988), CommonKADS (Schreiber et ah, 1994), Protege (Musen, 1993), MIKE 
(Angele et ah, 1998), IDEAL (Gomez-Perez et ah, 1997), Components of Expertise 
(Steels, 1990), EXPECT (Swartout and Gil, 1995), GDM (Terpstra et ah, 1993) and 
VITAL (Domingue et ah, 1993). 

Since then considerable progress has been made to develop the conceptual bases 
to build technology that allows reusing and sharing knowledge-components. 
Ontologies and Problem Solving Methods (PSMs) have been created to share and 
reuse knowledge and reasoning behavior across domains and tasks. Ontologies are 
concerned with static domain knowledge while PSMs deal with modeling reasoning 
processes. A PSM defines (Benjamins and Gomez-Perez, 1999) a way of achieving 
the goal of a task. It has inputs and outputs and may decompose a task into subtasks, 
and tasks into methods. In addition, a PSM specifies the data flow between its 
subtasks. An important PSM component is its method ontology because it describes 
the concepts used by the method on the reasoning process as well as the 
relationships between such concepts. 

The integration of ontologies and PSMs is a possible solution to the interaction 
problem (Bylander and Chandrasekaran, 1988) which states that 

Representing knowledge for the purpose of solving some problem is 
strongly affected by the nature of the problem and the inference 
strategy to be applied to the problem. 

Through ontologies and PSMs, this interaction can be made explicit in the 
notion of mappings between the ontology of the domain and the method ontology. 
Currently, there is an interesting study on the integration of ontologies and PSMs, 
for instance (Park et al., 1998). 

The emergence of the Semantic Web has marked another stage in the evolution 
of ontologies (and PSMs). According to Berners-Lee (1999), the Semantic Web is 
an extension of the current Web in which information is given well-defined 
meaning, better enabling computers and people to work in cooperation. This 
cooperation can be achieved by using shared knowledge-components, and so 
ontologies and PSMs have become key instruments in developing the Semantic 
Web. Ontologies represent static domain knowledge and PSMs will be used inside 
Semantic Web Services that model reasoning processes and deal with that domain 
knowledge. 

In this section, we will present the fundamental concepts about ontologies, and 
at the end of this chapter, the reader will be able to answer questions such as: what is 




